The ovary is surrounded by a whitish layer of mesodermally derived ovarian surface epithelium (OSE) that lines the intraembryonic celom and comprises simple squamous to cuboidal to low pseudostratified columnar epithelial cells. Its integrity is maintained by simple desmosomes, incomplete tight junctions, several integrins and cadherins. Recent research has found that ovarian stem cells (OSCs) exist within the OSE and may be responsible for both neo-oogenesis and ovarian cancer during adult life. The factors determining whether OSCs undergo neooogenesis or ovarian cancer are of great interest to researchers and clinicians. Accumulating evidence suggests the mechanism for the decision of ovarian surface epithelial stem cells to undergo either neo-oogenesis or ovarian cancer transformation may comprise both internal and external factors. Here, we review recent progress on how the internal factors, including genes, signaling pathways and lncRNA：OSE stem cells mediate the development and progression of ovarian cancer through various genes such as p53, KRAS, BRAF, and PTEN, and mutations in PIK3CA, and through various signaling pathways, including TGF-B pathway, Wnt signaling pathway, Notch signaling pathway, NF-kB signal transducer and transcriptional activator 3 (STAT3) pathway and Hedghog (HH) pathway. A series of expressions of IncRNA have changed in epithelial ovarian cancer tissues and cell lines compared to normal ovarian tissues and cell lines. As well as external factors, including incessant ovulation, gonadotropin and chronicinflammation：Frequent ovulation, without long-term dormancy, increases the risk of illness, because repeated rupture and repair at the ovulation site provides an opportunity for the accumulation of genetic aberrations; FSH affects all aspects of ovarian cancer metastasis, such as inhibition of apoptosis, through Induction of increased expression of VEGFA (VEGF) to support tumor growth, promote vascular growth, and possibly alter certain
Introduction
The function of healthy OSEs is the regeneration and repeated proliferation of cells after ovulation during the reproductive cycle. Due to its paucity of significant functions, the OSE has received less attention compared to other components of ovarian tissue. Over the past few decades, however, the field of reproductive biology has significantly progressed due to the finding that the OSE contains ovarian stem cells (OSCs). The role of OSCs in the pathogenesis of epithelial ovarian carcinoma is well established; however, their role in human oogenesis has remained controversial [1] [2] [3] . Recently, OSCs isolated from the ovaries of 5-day-old and adult mice using immunomagnetic sorting for DEAD (Asp-Glu-Ala-Asp) box polypeptide 4 (DDX4) were cultured for more than 15 months or for 6 months, respectively, and exhibited proliferative capacity and a normal karyotype. Furthermore, the cell line produced fertile offspring after transplantation into ovaries. Subsequently, OSC capabilities were demonstrated in rat and human [4] [5] [6] [7] [8] [9] . Hence, researchers have come to believe the OSE not only regulates the pathogenesis of epithelial ovarian carcinoma but also plays a role in mammalian neo-oogenesis. The mechanism for whether OSCs participate in neooogenesis or ovarian cancer conversion have not been intensively studied. In this review, we summarize the embryonic development and anatomic structure of ovarian surface epithelium, the function of ovarian surface epithelial stem cells in neo-oogenesis and ovarian cancer conversion and current knowledge about how internal and external factors determine OSC fate toward neo-oogenesis or ovarian cancer conversion.
Embryonic Development and Anatomic Structure of Ovarian Surface Epithelium
Early in development, the future OSE forms part of the coelomic epithelium, which is the mesodermally derived epithelial lining of the intraembryonic coelom. It overlies the presumptive gonadal area and, after proliferation and differentiation, gives rise to part of the gonadal blastoma. Starting at approximately 10 weeks of development and continuing to the fifth month of human gestation, the fetal OSE changes from a flat-to-cuboidal simple epithelium with a fragmentary basement membrane to a multistratified, papillary epithelium on a well-defined basement membrane, but it reverts to a monolayer by term. It has been postulated that the growth signals for the fetal OSE to include intragonadal steroid hormones because morphological evidence of steroid differentiation of ovarian stromal cells temporally parallels enhanced OSE growth and morphogenesis [10, 11] .
There are differences between the OSE and the extraovarian mesothelium during fetal development. One of the most interesting differences between these two components of the pelvic mesothelium is the expression of CA125, a cell surface glycoprotein of unknown function, which, in adults, is both an epithelial differentiation marker and a tumor marker for ovarian and Mullerian duct-derived neoplasms [12] . Fetal OSE is also a likely developmental source for ovarian granulosa cells. It is still a point of controversy whether granulosa cells are embryonically derived from the OSE, from mesonephric tubules via the intraovarian rete, or from both and to what degree these origins vary among species. There is good evidence, however, that in the human, OSE is the source of at least part of the granulosa cells. Furthermore, this distinction only becomes important in late stages of development because the OSE and the intraovarian rete have a common origin in the coelomic epithelium that overlies the urogenital ridges [13] [14] [15] [16] [17] [18] . In addition to its likely role as a progenitor of granulosa cells via the fetal OSE, the coelomic epithelium in the vicinity of the presumptive gonads invaginates, giving rise to the Mullerian (paramesonephric) ducts, i.e., the primordial for the epithelia of the oviduct, endometrium, and endocervix. Thus, the coelomic epithelium in and near the gonadal area represents an embryonic field with the capacity to differentiate along many different pathways. The relevance of this close developmental relationship between the Mullerian epithelia and the OSE to ovarian epithelial carcinogenesis is becoming apparent [11] .
In the mature woman, the OSE is an inconspicuous, monolayer squamous-to-cuboidal epithelium. It is characterized by keratin types 7, 8, 18 , and 19, which represent the keratin complement typical for simple epithelia. It expresses mucin antigen MUC1, 17b-hydroxysteroid dehydrogenase, and cilia, distinguishing it from extraovarian mesothelium, apical microvilli, and basal lamina. Intercellular contact and epithelial integrity of the OSE are maintained by simple desmosomes, incomplete tight junctions, several integrins and cadherins [19] [20] [21] [22] . Surface cells are continuous at the hilum with the mesothelium of the ovarian ligament (mesovarium) and peritoneum. Preferential outgrowth of a preovulatory follicle brings it into close apposition with the ovarian surface. In most mammals, the entire surface of the ovary, other than those regions disrupted by ovulation, is covered by epithelial cells. The OSE is separated from the ovarian stroma by the tunica albuginea. This structure is thinner and less resilient than the tunica albuginea in the testis, but likely provides a partial barrier to the diffusion of bioactive agents between the ovarian stroma and OSE.
The OSE differs from all other epithelia in its tenuous attachment to its basement membrane, from which it is easily detached by mechanical means [11] . Until recently, the resulting loss of OSE in surgical specimens was responsible for the widely held opinion that the OSE is frequently absent in the ovaries of older women. Whether this loose attachment has any physiological consequences is not known. With age, the human ovary assumes increasingly irregular contours and forms OSE-lined surface invaginations (clefts) and epithelial inclusion cysts in the ovarian cortex. It has been suggested that the squamous and cuboidal forms of OSE cells on the ovarian surface represent cell groups that, respectively, have or have not undergone postovulatory proliferation [23] . In addition, OSE cells tend to assume columnar shapes, especially within clefts and inclusion cysts. Whether these shape changes are the result of crowding or whether they reflect genetically determined metaplastic changes is not always clear, but they may be derived by either process. The importance of surface invaginations and inclusion cysts lies in the propensity of the OSE in these regions to undergo metaplastic changes, i.e., to take on phenotypic characteristics of Mullerian (usually tubal) epithelium, which include columnar cell shapes and several markers found in ovarian neoplasms, including CA125 and E-cadherin [24] [25] [26] . It has been suggested that the inclusion cysts form from OSE fragments that are trapped in, or near, ruptured follicles at the time of ovulation [27, 28] .
Ovarian surface epithelial stem cells can undergo neo-oogenesis or ovarian cancer conversion (transformation)
Ovarian surface epithelial stem cells and ovarian cancer Ovarian cancer is the fifth most frequent cancer in women, after cancers of the breast, colorectum, lung and endometrium. Ovarian cancer is the most lethal gynecologic malignancy and carries a 1-in-70 lifetime risk. Diagnoses of epithelial ovarian cancer increase with age, and the average age at initial presentation is 61. Most cases are sporadic, with 5-10% being familial. Efforts at improving early detection and developing new therapeutic approaches to reduce mortality have been largely unsuccessful because the origin and pathogenesis of epithelial ovarian cancer remain poorly understood. Studies have found almost 90% of ovarian cancer originates from the ovarian surface epithelium (mesothelium) that invaginates into the underlying stroma resulting in inclusion cysts that eventually undergo malignant transformation [25] [26] [27] 29] . As a result, Wright et al. [30] think that if the OSE is removed, the risk for developing ovarian cancer can be greatly reduced, [31] used a rhesus monkey model to extend observation time to 6 months and 12 months after removal of the OSE and obtained similar results. This study provides a new strategy for preventing ovarian cancer. However, because the study extends only one year after removal of the OSE, the longer-term effects on the ovaries are still unknown, including fertility status. As such, ovarian cancer-specific mechanisms and functions of the OSE are still unclear, with much remaining to be further studied. The cells of origin for ovarian cancer and the mechanism by which cancer develops have been long debated. The aggressive nature of ovarian cancer and the unsuccessful treatment of women with this deadly disease have recently been explained by the theory of cancer stem cells (CSCs). It has been reported that ovarian carcinogenesis and progression of disease are associated with the epithelial-mesenchymal transition (EMT). EMT, a physiological cell process that occurs during embryonic development and later in life during regeneration, could, when induced in a pathological condition, generate CSC-like cells. Virant-Klun analyzed ovarian tissue sections of 20 women with high grade serous ovarian carcinoma using immunohistochemistry for vimentin and pluripotency-related markers and observed a population of small NANOG-positive cells with diameters of up to 5 μm and nuclei that filled almost the entire cell volume among epithelial cells of the ovarian surface epithelium. These small NANOG-positive cells were, in some cases, concentrated in regions with morphologically altered epithelial cells. Within these regions, a population of larger, round cells with diameters of 10-15 μm, large nuclei, and positive staining for vimentin, NANOG and other markers of pluripotency, were released from the surface epithelium. These cells are proposed to be CSCs, possibly originating from small stem cells among the epithelial cells. They form typical cell clusters, invade the tissue by changing their round shape into a mesenchymal-like phenotype, and contribute to the manifestation of ovarian cancer [32] (Fig.1) . Recently, Flesken-Nikitinit used serial sphere generation and longterm lineage tracing assays to show that cells of the hilum OSE are slowly cycling and express the stem/progenitor cell markers ALDH1, Lgr5, Lef1, CD133, and CK6b. These cells display longterm stem cell properties ex vivo and in vivo. Importantly, hilum cells exhibit increased transformation potential after inactivation of tumor suppressor genes Trp53 and Rb1, whose pathways are frequently altered in the most aggressive and common type of human ovarian cancer, highgrade serous adenocarcinoma. This study experimentally supports the notion that susceptibility of transitional zones to malignant transformation may be explained by the presence of stem cell niches in those areas [33, 34] . Identification of a stem cell niche for the OSE may have important implications for understanding epithelial ovarian cancer pathogenesis. High-grade serous adenocarcinomas occurring in transitional/junction regions between the OSE, mesothelium, and tubal epithelium may have more plastic and, presumably, less differentiated states, thereby being a possible place of origin for ovarian cancer. The stem cell niche for the stem cells lodged in ovarian surface epithelium (OSE), which is ruptured and regenerates during ovulation, has not yet been unequivocally defined. Flesken-Nikitin identified the hilum region of the mouse ovary, the transitional/junction area between OSE, mesothelium and tubal (oviductal) epithelium, as a previously unrecognized stem cell niche of the OSE [33] .
Ovarian surface epithelium stem cells and neo-oogenesis
Stem cells are cells with self-renewal and differentiation potential in mammals that are found in almost all tissues and organs. They can renew themselves to maintain the numbers of stem cells in a stem cell pool, or they can renew loss of tissues or organs by differentiating. The presence of spermatogonial stem cells in testis was reported more than 40 years ago. Whether there are ovarian stem cells in female ovaries after birth to replenish the primordial follicle pool has been debated for nearly a century. Historically, it was believed that the majority of the primordial follicle pool remains in a dormant state and declines with age under physiological conditions [35] . At approximately age 50, female fertility begins to decline along with the continued depletion of the primordial follicle pool until the occurrence of menopause [36] . In 2004, Johnson et al. [37] were the first to discover that the ovaries of female mice from birth until adulthood can serve as a new supply of the oocyte follicle pool. Since then, studies on ovarian germline stem cells have been widespread among reproductive researchers around the world. There are now many different resources supporting this research, including from humans, other mammals, and even old ovarian surface epithelium ovarian germline stem cells isolated and successfully established as a stable subculture of germline stem cells [38] [39] [40] [41] . Epithelial ovarian germline stem cells are an important source of egg production in adults. The OSE cell layer is considered to be "germinal epithelium" and has characteristics of embryonic stem cells. There are still scholars skeptical of the existence of ovarian germline stem cells in mammals [42] , but Bukovsky [43] and Tilly [44] assert that this does not take into account samples of ovarian function and different experimental methods. More persuasive is a finding from Wu Ji with OGCs showing that they make infertile mice produce offspring. This study also successfully produced transgenic mice [45] . Furthermore, Reizel et al. demonstrate new egg formation in mice from birth to adulthood by lineage tracing in the body (in vivo lineage tracing), providing direct evidence for the existence of ovarian stem cells [46] . It is worth mentioning that we have also successfully isolated OGCs from mouse ovarian surface epithelial cells. These cells are elliptical, approximately 15-20 µm, and few in number under the microscope. Their proliferation cycle is long, and they express MVH, OCT4, Nango, Fraglis, Stella, C-Kit and other germ cell-and stem cellspecific markers by PCR, providing further evidence for the existence of OGCs in mammalian ovaries after birth [47] [48] [49] [50] [51] . Recently, Wu et al. explored the process and mechanisms of OGC differentiation in vivo following transplantation. In this study, they isolated, purified, and cultured OGCs long term from a single EGFP-transgenic mouse and found that these OGCs possessed characteristics of germline stem cell with normal chromosomes, demonstrating that these cells were consistent with previously identified OGCs. More importantly, the OGCs from a single mouse restored ovarian function and generated offspring when transplanted into POF mouse ovaries. After tracing OGC migration and developmental patterns in vivo, they found that OGCs gradually differentiated into oocytes, but not somatic cells, suggesting unipotency. These findings provide the theoretical basis and lay a technology platform for specific or personalized medical treatment of ovarian failure or other ovarian diseases (Fig.  2) . The existence of OGCs has a major impact for bioengineering, clinical treatment, and basic research because they can be used as a source of embryonic stem cells that are not questioned by religion, morality and ethics for therapeutic cloning and tissue therapy. These cells also provide a good basis for the study and treatment of fertility problems due to premature ovarian failure and aging and have great significance for the study of transgenic animals. There is a close relationship between epithelial stem cells and ovarian cancer; therefore, a model can be established to study the early events of ovarian carcinogenesis and to generate new findings for targeted therapy of ovarian cancer.
Mechanism for the decision of ovarian surface epithelial stem cells to undergo neo-oogenesis or ovarian tumorigenesis

Intrinsic causes of ovarian surface epithelial stem cell conversion (transformation)
It has been reported that ovarian carcinogenesis and progression of the disease is associated with epithelial-mesenchymal transition (EMT) [1, [52] [53] [54] . EMT is a physiological cell reprogramming event utilized in tissue remodeling during embryonic development and is activated in normal adult tissues during regeneration. EMT is defined as the loss 
Tumorigenesis
of epithelial traits by the former epithelial cells with the acquisition of mesenchymal characteristics, such as invasive motility and the presence of vimentin and myosin [55] . During EMT, unique characteristics of certain mesenchymal cells are acquired, including epithelial cell polarity, intracellular adhesion and loss of specific cell surface markers. Due to cytoskeletal remodeling, these cells subsequently obtain a mesenchymal-like phenotype.
The major molecular characteristics of EMT are downregulation of epithelial cell markers E-cadherin and β -catenin and upregulation mesenchymal markers vimentin, fibronectin and N-cadherin. During EMT, carcinoma cells lose their epithelial characteristics and acquire mesenchymal properties that promote extracellular matrix invasion and distant metastases [56] . OSE stem cells, through epithelial-mesenchymal transition (EMT), result in the development and progression of ovarian carcinoma mediated by multiple genes, including p53 mutations, KRAS, BRAF and PTEN, and PIK3CA mutations, and multiple signaling pathways, including the TGF-β pathway, Wnt signaling pathway, Notch signal pathway, NF-κB, the signal transducer and activator of transcription3 (STAT3) pathway and Hedgehog (HH) pathway. These genes and pathways eventually lead to downregulation of epithelial cell markers E-cadherin and β -catenin and upregulation of mesenchymal phenotype markers vimentin, fibronectin, N-cadherin, intracellular β-catenin nuclear translocation, and various transcription factors that regulate EMT, such as Twist, Snail, Slug, etc. [3, [57] [58] [59] .
The genetic basis of epithelial ovarian carcinomas is too complex to be reviewed in detail here, but numerous excellent reviews exist on this subject [60] [61] [62] . Recently, lncRNAs, as well as epithelial ovarian cancer disease progression and the prognosis of patients, have attracted great interest. Since the expression of lncRNA is characterized by time-specificity, tissue-specificity and disease specificity, the functions of lncRNA in cancer development have drawn increasing attention, and as such, lncRNA is considered a potential tumor marker and therapeutic target. Non-protein-coding RNAs account for 70% of total RNAs in the body, and long non-coding RNAs (lncRNAs) consist of more than 200 nucleotides. lncRNAs have complicated functions in regulating gene expression [63] [64] [65] [66] . In brief, compared with normal ovarian tissues and cell lines, the expression of a series of lncRNA caused expression changes in epithelial ovarian cancer tissues and cell lines. Qiu [67] found in epithelial ovarian cancer tissues and cell lines (SKOV3, HO8910, and HEY-A8) that the lncRNA HOTAIR was increased in expression; Cheng [68] found that high expression of the lncRNA AB073614 in patients correlated with a decrease in 5-year survival rate. Sheng et al. [69] found that expression of MEG3 was absent or reduced in most epithelial ovarian cancer tissues and cell lines (OVCAR3). Current research shows that the development of epithelial ovarian carcinomarelated mechanisms for lncRNA includes controlling X chromosome inactivation, gene imprinting glucose regulation, promoting interaction between miRNAs, and development of drug resistance. There are currently no reports on the mechanism of germ cell differentiation for OGSCs in the OSE. Our research found that Notch and Hippo signaling pathways may play key roles in OGSC differentiation. The Notch signaling pathway plays a crucial role in cell fate determination, cell proliferation and differentiation [70, 71] . Additionally, Notch is necessary for cell-cell communication and is involved in the proliferation and differentiation of various stem cells [72] [73] [74] , especially the regulation of germline stem cells in invertebrates [75, 76] . However, the role of the Notch pathway in germline stems cells of the mammalian ovary is still unknown. We used 3-d-, 2-m-and 20-m-old mouse ovaries to explore the correlation between germline stem cell activity and the Notch signaling pathway. Dual immunofluorescence staining showed that MVH is co-expressed with NOTCH1 in the OSE, and both of them are expressed at their highest level in 3-d-old mice, followed by 2-m-old mice, with very little expression observed in 20-m-old mice. The same results were observed for MVH and HES1. In addition, for observing the proliferative activity of OGSCs in the OSE, we also detected co-expression between MVH and BrdU, with the strongest BrdU expression at 3-d, clearly decreased expression at 2-m and almost undetectable expression at 20-m. In summary, our results indicated that there is a correlation between germline stem cell activity and the Notch signaling pathway. To further confirm the link between germline stem . Dual immunofluorescence also revealed that DAPT-treated groups showed a slight attenuation of MVH and OCT4 expression in OSE compared to the control group. Therefore, our data suggest that the Notch signaling pathway may be a potential pathway involved in the regulation of germline stem cells [50] . The Hippo signaling pathway is a recently discovered novel signaling pathway [77] that, in mammals, comprises two upstream kinases (mammalian Sterile 20-like protein kinase I, MST1 and MST2, for short) and Salvador I (alsoknown as SAV1 or WW45), as well as large tumor suppressor homolog 1 and 2 (LATS1 and LATS2), and YAP1 (Yes-associated protein) [78, 79] . Hippo signaling has essential functions in the regulation of cancer stem cell proliferation, differentiation, migration and maturation, as well as the establishment of normal oocyte polarity and egg chamber structure [80] [81] [82] [83] . YAP promotes ovarian CSC tumorigenesis and regulates CSC self-renewal and differentiation [84, 85] . The transcriptional co-activator with a PDZ-binding motif (TAZ) is a transcriptional effector of the Hippo signaling cascade that regulates cell proliferation and tumorigenesis [80, 86, 87] . Our results revealed that the Hippo signaling pathway and MVH/OCT4 genes are co-expressed in mouse ovarian cortex. The level and co-localization of LATS2, MST1, MVH, and OCT4 significantly decrease with increased age. Furthermore, YAP1, MVH, and OCT4 gradually decrease after TPT and CY/BUS treatment, and LATS2 mRNA and protein upregulation persist in TPT-and CY/BUS-treated mice. However, the expression of MST1 was lower in the TPT and CY/BUS groups compared with the control group. In addition, pYAP1 protein showed the highest expression in the ovarian cortex of 7D mice compared with 20M mice, and the value of pYAP1/YAP1 decreased from 7D to 20M. Moreover, pYAP1 decreased in the TPT-and CY/BUS-treated groups, but the value of pYAP1/YAP1 increased in these groups. Our results show that the Hippo signaling pathway is associated with the changes that occur in OGSCs during physiological and pathological ovarian aging in mice. Thus, the Hippo signaling pathway may be involved in the developmental schedule of OGSCs [47] . Further results indicate that isolated OGSCs can specifically recognize Hippo signaling molecules and that manipulation of YAP1 expression can be used to regulate proliferation and differentiation of OGSCs, as well as ovarian function in mice. This study suggests that the Hippo signaling pathway may represent a new molecular target for regulation of mouse ovarian functional remodeling [51] .
Extrinsic causes of ovarian surface epithelial stem cell conversion (transformation)
The hypothesis of incessant ovulation. Cancer is now generally believed to be a preventable disease. Only 5-10% of all cancers are caused by the inheritance of mutated genes and somatic mutations, whereas the remaining 90-95% has been linked to lifestyle factors and environment [86] . The sequence of events leading to ovarian cancer is multifactorial and not adequately understood. Except those with a family history of ovarian cancer, accounting for 5-10% of cases, the major known environmental risk factors that have been implicated in playing a role include diet, talc, industrial pollutants, smoking, asbestos, and infectious agents [87] [88] [89] . Epidemiological studies point to possible racial and geographic, social, and hormonal causative factors [90] [91] [92] [93] . There are two theories to explain the pathogenesis of ovarian cancer. One is the 'incessant ovulation hypothesis'. It appears that the first step in tumorigenesis involves genomic disturbances to the ovarian surface epithelium that arise during ovulation (Fig. 3) . After ovulation, the damaged ovarian epithelium transforms into mesenchymal cells, proliferates, and migrates, thus speeding up tissue repair. If the process appears abnormal, it will continue to promote the occurrence and development of EMT, leading to neoplastic transformation of OSE cells, ultimately resulting in ovarian cancer (Fig.  3) . The 'incessant ovulation hypothesis' of ovarian cancer was first proposed by Fathalla in 1971 [94] , and the following facts support to this hypothesis [95, 96] the risk of ovarian cancer, while oral contraceptives, pregnancies and lactation are protective (by approximately 40%); 2) frequent ovulation, without long dormant periods, contributes to increased risk because the repeated rupture and repair of the OSE at the sites of ovulation provide an opportunity for genetic aberrations to accumulate; 3) ovulation, and therefore ovarian cancer, is more common in human women than it is in most other species because females of other species are either pregnant or lactating for most of their reproductive lives;4) it appears that the first step in tumorigenesis involves genomic disturbances to the ovarian surface epithelium that arise from ovulation. Inflammatory mediators and reactive oxidants are generated during the ovulatory process that causes wounding of ovarian surface epithelial cells with DNA strand breaks, and oxidative base (8-oxoguanine) damage could be a determinant of carcinogenic onset. Studies carried out on genetically modified mice do not support the 'incessant ovulation hypothesis', but support the gonadotropin hypothesis. Sterile, germ cell-deficient homozygous Wv mice having <1% of the normal number of oocytes at birth develop epithelial morphological changes including surface invaginations, inclusion cysts, and tumors associated with elevated gonadotropin levels similar to aged women [97] . Furthermore, these mice, being sterile, never ovulate, and thus, the concept of incessant ovulation does not explain the origin of ovarian cancer in these mice. Similarly, more than 90% of FORKO mice develop ovarian epithelial tumors by 12 months of age, which are otherwise sterile and never ovulate [98] . Smith & Xu [99] have postulated that depletion of follicles and germ cells might underlie the etiology of ovarian cancers.
The gonadotropin theory. The 'gonadotropin theory' of cancer was first proposed by Stadel in 1975 [100] . This hypothesis is supported by several pieces of circumstantial Fig. 3 . Prospective role of ovulation in the chronology of ovarian carcinogenesis. Hypothesis: Epitheliomesenchymal conversion of OSE cells may represent a homeostatic mechanism to incorporate cells that have been displaced from the ovarian surface into the stroma. If such conversion does not take place, the cells are more likely to form epithelial inclusion cysts, which are preferred sites of neoplastic progression. A, diagram outlining two paths by which OSE is displaced into the ovarian cortex. OSE fragments are displaced into or near the ruptured follicle at ovulation. OSE also lines surface invaginations, or clefts, which form as the ovary ages. If OSE cells undergo epithelio-mesenchymal conversion, they may migrate into, and become part of, the stroma (str). Alternatively,the cells remain epithelial, aggregate (aggr), and form inclusion cysts (incl cyst). Cysts may also form through the pinching off of surface clefts.Inclusion cysts are preferred sites of metaplastic and dysplastic changes that may lead to tumorigenesis. Importantly, the capacity of OSE to undergo epithelio-mesenchymal conversion is greatly reduced with malignant progression and, to a lesser degree, in women with a genetic predisposition to develop ovarian cancer [94, 97] .
Cellular Physiology
Tumorigenesis evidence, including 1) increased incidence of ovarian cancers with advanced age when gonadotropin levels are elevated; 2) high FSH levels in ovarian cysts and peritoneal fluid; 3) protective effect of breastfeeding and multi-parity that help suppress gonadotropin levels; and 4) increased risk of developing ovarian cancer in women with polycystic ovarian syndrome (PCOS) and those undergoing hyper-stimulation of ovaries with FSH. Several recent reviews have elegantly discussed the available literature suggesting that FSH, in particular, may be the main hormone responsible for ovarian cancers [101] [102] [103] [104] [105] [106] [107] . High levels of FSH and FSH receptor (FSHR) expression in epithelial ovarian cancers (EOCs) are associated with a poor prognosis. FSH affects various aspects of ovarian cancer metastasis, such as suppressing apoptosis, supporting tumor growth by inducing increased expression of VEGFA (VEGF), facilitating blood vessel growth, and potentially altering certain oncogenic pathways that facilitate proliferative and invasive phenotypes. Bhartiya asserts that ovarian stem cells (OSCs) existing in the OSE are responsible for neo-oogenesis and primordial follicle assembly in adult life and are modulated by FSH via its alternatively spliced receptor variant FSHR3 (growth factor type 1 receptor acting via calcium signaling and the ERK/ MAPK pathway) [107] . Any defect in FSH -FSHR3 -stem cell interaction in the OSE may affect folliculogenesis and thus result in POF. Ovarian aging is associated with a compromised microenvironment that does not support stem cell differentiation into oocytes or further folliculogenesis. FSH exerts a mitogenic effect on the OSE, and elevated FSH levels associated with advanced age may provide a continuous trigger for stem cells to proliferate, resulting in cancer and supporting the gonadotropin theory for ovarian cancer [108] . However, the gonadotropin hypothesis for the development of ovarian cancers is still not well accepted because one needs to remember that increased FSH is present in all aged, including menopausal women but only few suffer from ovarian cancer. Thus, in the last decade, there has been a broad range of research focused on the role of immunological mechanisms and chronic inflammation affecting OGSC differentiation to ovarian cancer cells [109] .
Immunosuppressive mechanisms and chronic inflammation
It is well known that as age increases, the immune system declines in function, which is called immune aging. Middle-aged and elderly women who are experiencing immune aging are the group most at risk to develop ovarian cancer. Both epidemiological and clinical evidence has indicated a strong association between immunosuppressive mechanisms and inflammatory state in the tumor microenvironment. Accumulating data have established the notion that the tumor microenvironment is largely orchestrated by infiltrating immune cells, including T lymphocytes, macrophages, dendritic cells, and mast cells. These cells are recruited to the tumor stroma and cooperate with each other, either to facilitate initiation, invasion, migration and metastasis of the tumor or to elicit anti-tumor immunity [110] . Recent studies are focusing on the role of the immune system in ovarian cancer pathogenesis. It has been reported that an immune response against ovarian cancer cells may be inhibited by a number of immunosuppressive mechanisms active in the cancer microenvironment, suggesting ovarian cancer creates a suppressive microenvironment to escape immune elimination. It causes difficulties in immune recognition and the destruction of cancer cells, leading to the development of immune tolerance and is associated with a low efficacy of standard therapeutic strategies [111] . Inflammation is the body's response to infection and is a strong, quick stress response.
Typically, this reaction will promptly terminate after the infection has been effectively controlled. Therefore, in most cases, inflammation does not induce a tumor. If inflammation persists, causing excessive stress and tissue damage, it will likely lead to cancer. Over the last decade, a large amount of evidence indicates that inflammation contributes to tumorigenesis. For example, transcription factors nuclear factor-κ B (NF-κB) and signal transducers and activators of transcription 3 (STAT3), two major pathways for inflammation, are activated by most cancer risk factors; an inflammatory condition precedes most cancers; NF-κ B and STAT3 are constitutively active in most cancers; hypoxia and acidic conditions found in solid tumors activate NF-κ B; chemotherapeutic agents and γ-irradiation activate NF-κ B and [112, 113] . Many cancers result from chronic inflammation triggered by either extrinsic factors, [114] such as infection, autoimmunity, and tobacco smoke, or intrinsic factors, such as oncogene activatio [115] . Chronic inflammatory responses produce cytokines and growth factors that may promote cell proliferation and suppress apoptosis, and both of these outcomes result in an increased risk of cancer. The causal link between inflammation and tumor initiation is well established [116] . When subject to persistent microbial infection or chronic stimulation, macrophages recognize the foreign materials and activate transcriptional mechanisms that lead to secretion of pro-inflammatory cytokines and chemokines [117, 118] . However, excessively produced cytokines can also sustain a state of chronic inflammation and promote tumor initiation. In established tumors, tumorassociated macrophages (TAMs) facilitate tumor cell migration, invasion, matrix remodeling and angiogenesis, which are required for tumor cells to escape from primary sites into the circulatory system and form metastases. In tumor microenvironments, anti-inflammatory cytokines, such as IL-4, IL-13, IL-10 and M-CSF, induce the transition of TAMs from a proinflammatory state to a tumor-promoting one [119] .
One promising strategy to meet the challenge of improving ovarian cancer survival rates is to exploit the immune system and re-educate it to enhance tumor cell destruction [120] . Indeed, it has been widely reported that a higher density of TILs, such as T and B lymphocytes, is associated with increased overall survival and chemo-radiosensitivity in OC [121] [122] [123] [124] . Previous reports have confirmed that higher levels of the cytokines IL-6 and VEGF are associated with chemoresistance, are both markers for poor prognosis in OC and exhibit pro-tumorigenic effects, such as promoting angiogenesis [125, 126] . These studies highlight key insights that are applicable to both basic OC research and to the prevention and treatment of OC.
In addition to its role in maintaining organism homeostasis, the immune system also plays a crucial role in the modulation of ovarian function, as it regulates ovarian development, follicular maturation, ovulation and the formation of the corpus luteum [127] [128] [129] [130] [131] . In recent years, studies have also shown that immunosuppressive mechanisms and chronic inflammation play an important role in the pathogenesis of ovarian premature aging. A large amount of research has confirmed that levels of TNF-α and IL-2 in the serum of patients with premature ovarian failure were significantly lower than those in unaffected group. Furthermore, the level of inflammatory factors decreased when the damaged ovarian function was repaired, indicating that inflammatory factors may be an important cause of premature ovarian failure [132] [133] [134] [135] . Levels of inflammatory factors such as TNF-α, IL-1β, IL-2, IL-6, colony stimulating factor, zinc finger protein A20, heme oxygenase (HO-1) and many others are regulated by NF-κB. NF-κB is a transcription factor that can turn on genes related to inflammation and immune response. These results suggest that we can prevent ovarian failure through anti-inflammatory factors that regulate NF-κB signaling pathway. For example, resveratrol restores ovarian function through inhibiting NF-κB and reducing ovarian inflammation through IL-6 and IL-8 expression [136, 137] . Interestingly, recent work has postulated that immune cells and their secreted inflammatory factors follow mechanics to regulate the proliferation and differentiation of ovarian germline stem cells [48, 138] . First, immunity may be a part of the OSC niche. Bukovsky [138] 
Conclusion
Ovarian stem cells existing in the epithelium of the ovary are closely related to both follicular renewal and development of ovarian cancer. Ovarian stem cells may either become Fig. 4 . Signaling pathways and genes of ovarian surface epithelial stem cells to undergo neo-oogenesis or ovarian tumorigenesis induced by ovulation, chronic inflammatory and elevated FSH. TNF-α, tumor necrosis factor α; IFN-г, interferon-γ; IL-6, interleukin 6; IL-8, interleukin 8; TGF-β, transforming growth factor-β; FSHR, follicle stimulating hormone receptor; VEGF, vascular endothelial growth factor; TGF-β, transforming growth factor-β; NF-ƙβ, nuclear factor-κB; MAPK, mitogen-activated protein kinase; Wnt, Wingless Int1; Hippo, Hippo signaling pathway; Notch, notches; STAT3, Signal transducers and activators of transcription 3; PI3K, Phosphoinositide 3-kinase; Hedgehog,Lnc RNA, Long non-coding RNA;Twist, Twist-related protein 1; Snail, Snail signaling pathway; Slug, Slug signaling pathway; Mmps, Mmps signaling pathway; Matrix metalloproteinases; Bcl-2, B-cell lymphoma-2; Cyclin B, Cyclin B signaling pathway; C-myc, C-myc signaling pathway; OSCS, ovarian stem cells. Tumorigenesis ovarian carcinomas or participate in follicular renewal, depending on intracellular signaling pathways, LncRNA genes, and extracellular factors, such as FSH, follicular rupture, and immune microinflammation (Fig. 4) . However, further study is needed to determine how many common mechanisms regulate the development of ovarian stem cells to follicular renewal or ovarian cancer? How do these common mechanisms work together in time and space to precisely regulate the differentiation of ovarian stem cells in opposing directions? How do these factors interact? Ovarian epithelial stem cells exist in one or both circumstances, so what is the difference and what is the connection? The resolution of these problems will undoubtedly result in major breakthroughs in the prevention and treatment of infertility, ovarian aging and ovarian cancer.
Cellular Physiology
and Biochemistry Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
